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Purpose: Few clinical indicators of a poor outcome have been defined in acute cardioem-
bolic stroke (CES) patients. We would like to explore practical clinical factors that can 
predict poor outcomes of CES in the early stage.
Patients and Methods: In this single-center, retrospective, observational study, 251 con-
secutive patients with acute CES who did not undergo reperfusion therapy were evaluated. 
On the basis of the modified Rankin Scale (mRS) score at 3 months, patients were divided 
into the good functional outcome group (mRS ≤ 2) and the poor functional outcome group 
(mRS ≥ 3). Risk factors were analyzed and the independent indicators for a poor outcome 
were identified using a binary logistic regression model.
Results: One hundred (39.8%) patients had a poor outcome. Patients in the poor outcome 
group were significantly older (P = 0.002) and had significantly higher baseline National 
Institutes of Health Stroke Scale (NIHSS) score compared with those with a good outcome 
(P < 0.001). After adjusting for potential confounders, the baseline NIHSS score (P < 0.001), 
moderate to severe leukoaraiosis (P = 0.011), non-symptomatic intracranial hemorrhage (P = 
0.019), stroke-associated pneumonia (P = 0.001), and fasting glucose (P = 0.040) were 
independent risk factors for a poor outcome.
Conclusion: The short-term outcome in acute CES patients without reperfusion therapy can 
be predicted by using five practical clinical factors. These indicators should attract more 
attention.
Keywords: acute cardioembolic stroke, risk factor, functional outcome, reperfusion therapy, 
leukoaraiosis

Introduction
Ischemic stroke is a major cause of death and long-term disability worldwide.1 It is 
a heterogeneous disease, and a main subtype of ischemic stroke is cardioembolic 
stroke (CES), which accounts for around 15–30% of all cases and most commonly 
derives from non-valvular atrial fibrillation.2 As the thrombus from the heart 
suddenly blocks the intracranial artery, patients with CES usually have a sudden 
onset and large infarction volume which result in a poor outcome.3,4 Studies have 
shown that the incidence of a 6-month unfavorable prognosis (modified Rankin 
scale, mRS ≥ 3) in these patients can be as high as 66%, and a more severe stroke is 
the main factor that contributes to a poor prognosis.5,6 Recently, the CES patient 
outcomes have been greatly improved with the increasing use of reperfusion 
therapies such as intravenous thrombolysis and mechanical thrombectomy, but 
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a high percentage of patients may still die or be seriously 
disabled.7,8 In addition, the overall proportion of ischemic 
stroke patients who receive reperfusion therapy remains 
low.9,10 Therefore, early determination of prognostic fac-
tors for CES without reperfusion therapy is of great 
significance.

Most studies that have focused on the outcome of 
ischemic stroke have combined patients with various 
pathologies into one group, which is unlikely to result in 
conclusive findings. Moreover, few of these studies con-
tain immediately adoptable clinical indicators. In this 
study, we aimed to explore the risk factors for the 
3-month functional outcome of CES patients without 
reperfusion therapy.

Patients and Methods
Subjects
For this single-center, retrospective, observational study, 
we retrieved data from the stroke center database of 
Changzhou No.2 People’s Hospital, Jiangsu Province, 
China. This study was approved by the Clinical Research 
Ethics Committee of the Affiliated Changzhou No.2 
People’s Hospital of Nanjing Medical University (approval 
number: 2018KY032-01; approved on 20 December, 2018 
with further agreement to extend the study time). A written 
informed consent was obtained from the patients or their 
legally authorized representatives. All patient data were 
de-identified. This study was conducted in accordance 
with the Declaration of Helsinki.

Consecutive patients with first-ever acute stroke within 
48 hours of onset from June 2014 to September 2019 were 
included. All patients had known or newly- diagnosed 
non-valvular atrial fibrillation, and stroke events were 
confirmed by magnetic resonance imaging (MRI) or com-
puted tomography (CT) and treated in accordance with the 
corresponding guidelines. Other inclusion criteria were as 
follows: (1) age 18 to 80 years; (2) anterior circulation 
infarction; and (3) involvement of at least one side of the 
middle cerebral artery. Patients were excluded if they had 
reperfusion therapy, died rapidly after admission (within 2 
days), or had no brain MRI/ magnetic resonance angiogra-
phy (MRA) or CT/ computed tomography angiography 
(CTA), which is essential to estimate the stroke subtype.

Diagnosis of Cardioembolic Stroke
Essential tests such as electrocardiogram (ECG), transthor-
acic echocardiography, cervical vascular ultrasound, and 

cranial CTA/MRA were routinely performed. Thus, the 
known or newly- diagnosed non-valvular atrial fibrillation 
was confirmed, and the CES stroke subtype was defined 
using the TOAST (Trial of Org 10172 in Acute Stroke 
Treatment) stroke classification.11

Baseline Assessment and Clinical 
Evaluation
Baseline demographics, vascular risk factors, and clinical 
and laboratory characteristics were obtained from medical 
records. Vascular risk factors including hypertension, dia-
betes mellitus, hyperlipidemia, congestive heart failure, 
and smoking were documented. Neurological deficit was 
measured using the National Institutes of Health Stroke 
Scale (NIHSS). Leukoaraiosis (LA) was graded using the 
Fazekas visual scoring scale for the CT or MRI scan.12 

Mild LA was defined as Fazekas score ≤ 2, and moderate 
to severe LA as Fazekas score ≥ 3.

An intracranial hemorrhage (ICH) was defined as 
symptomatic (sICH) if the patient had clinical deteriora-
tion causing an increase in the NIHSS score by ≥ 4 points 
and as non-symptomatic (nsICH) otherwise.13

Stroke-associated pneumonia (SAP) was diagnosed in 
the presence of fever, purulent sputum, abnormal respira-
tory examination, pathologic chest X-ray findings, and/or 
leukocytosis or leukopenia (white blood cells count ≥ 
10×109 or ≤ 4×109 /L, respectively).14

Functional Follow-Up
Functional outcome was evaluated using the mRS through 
an outpatient clinic visit or telephone inquiry at 3 months 
after stroke onset. A doctor and a trained nurse separately 
judged the functional status of each patient and then 
achieved a consistent result. On the basis of this judge-
ment, the patients were divided into a good outcome group 
(mRS ≤ 2) and a poor outcome group (mRS ≥ 3).

Statistical Analysis
Continuous variables with a normal distribution were pre-
sented as the mean ± standard deviation (SD) and com-
pared using the Student’s t-test. Continuous variables with 
non-normal distribution were shown as the median (inter-
quartile range, IQR) and compared using the Mann- 
Whitney U-test. Categorical variables were expressed as 
percentage and compared with Pearson’s χ2 test or Fisher’s 
exact test. Variables with a two-tailed P < 0.2 in the 
univariate analysis were used as candidates for the 
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independent variables that were entered into the binary 
logistic regression model (Enter method). The results 
were expressed as the odds ratio (OR) and 95% confidence 
intervals (CI). A two-tailed P < 0.05 was considered to be 
statistically significant. All statistical analysis was per-
formed on SPSS 22.0 (IBM Corp., Chicago, IL, USA).

Results
Baseline Information
Among the 292 patients who initially met the inclusion 
criteria, 41 patients were lost to follow-up. Thus, 251 patients 
were included for the final analysis, among whom 138 (55%) 

were men. The age range was 40 to 80 years, with a median 
age of 73 years. The median admission NIHSS score was 7 
(IQR 3–14). Approximately 78% of the subjects had hyper-
tension and 25% had moderate to severe LA. During hospi-
talization, 73 (29.1%) patients developed hemorrhagic 
transformation, among whom 27 (10.8%) were symptomatic. 
Additionally, SAP occurred in 79 (31.5%) patients (Table 1).

Prognosis Distribution
At 3 months, 19 (7.6%) patients had died and eight (3.2%) 
patients had recurrent stroke. Although the most serious 
cases were excluded due to rapid death, there was a high 
frequency of severe disability and death (mRS ≥ 4, 22%) 
in the study population. Even in the good outcome group, 
up to 19.1% of the patients had mRS = 2, indicating mild 
neurological dysfunction (Figure 1).

Differences in Risk Factors and Clinical 
Findings Between the Two Outcome 
Groups
There were 151 (60.2%) patients who were placed into the 
good functional outcome group and 100 (39.8%) who 
were placed into the poor functional outcome group. 
Compared with patients in the good outcome group, 
those who had poor outcome were older (75 vs 72 years; 
P = 0.002), had a higher baseline NIHSS score (15 vs 4; 
P < 0.001), and had more severe LA (moderate to severe 
LA: 39.0% vs 15.9%, P < 0.001). Additionally, patients 
with a poor outcome had higher fasting glucose level (7.0 
±2.7 vs 5.8±1.7; P < 0.001) and lower triglyceride level 
(1.0±0.4 vs 1.3±0.9; P = 0.005) compared with the good 
outcome group. Patients in the poor outcome group also 
developed higher rates of sICH (17.0% vs 6.6%, P = 
0.009), nsICH (30% vs 10.6%, P < 0.001), and SAP 
(66.0% vs 8.6%, P < 0.001) compared with the good 
outcome group (Table 2).

Table 1 Baseline Characteristics

Variable n=251

Age, years, median (IQR) 73 (67, 77)

Male sex, n (%) 138 (55)

Smoking, n (%) 62 (24.7)
Hypertension, n (%) 196 (78.1)

Diabetes mellitus, n (%) 52 (20.7)

Hyperlipidemia, n (%) 43 (17.1)
Congestive heart failure, n (%) 52 (20.7)

Baseline NIHSS score, median (IQR) 7 (3, 14)

Moderate to severe LA, n (%) 63 (25.1)
sICH, n (%) 27 (10.8)

nsICH, n (%) 46 (18.3)

Stroke-associated pneumonia, n (%) 79 (31.5)
Anticoagulant therapy, n (%) 120 (47.8)

Stroke recurrence, n (%) 8 (3.2)

Laboratory findings, mmol/L (mean ± SD)

Total cholesterol 4.1±0.8
Triglyceride 1.2±0.8

LDL-C 2.2±0.7

Fasting glucose 6.3±2.2

Abbreviations: IQR, interquartile range; NIHSS, National Institutes of Health 
Stroke Scale; LA, leukoaraiosis; sICH, symptomatic intracerebral hemorrhage; 
nsICH, non-symptomatic intracerebral hemorrhage; LDL-C, low-density lipoprotein 
cholesterol; SD, standard deviation.

Figure 1 Distribution of outcomes based on the percentage of the modified Rankin Scale at 3 months.
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Logistic Regression Analysis
To further evaluate the independent risk factors for the 
outcome in CES patients, binary logistic regression analy-
sis was performed. As shown in Table 3, after adjusting for 
variables with P < 0.2 in the univariate analysis, the result 
indicated that the baseline NIHSS score (OR = 1.365, 95% 
CI = 1.235–1.509, P < 0.001), moderate to severe LA (OR 
= 3.987, 95% CI = 1.376–11.551, P = 0.011), nsICH (OR 
= 3.924, 95% CI = 1.254–12.279, P = 0.019), SAP (OR = 
5.392, 95% CI = 2.012–14.453, P = 0.001), and fasting 

glucose (OR = 1.279, 95% CI = 1.012–1.617, P = 0.040) 
were independent risk factors for a poor functional out-
come at 3 months.

Discussion
In this study, we found that the baseline NIHSS score, 
moderate to severe LA, nsICH, SAP, and fasting glucose 
were the main risk factors for a poor functional outcome at 
3 months after CES onset. Thus, we provided five reliable 
variables for predicting a poor outcome at 3- months after 
CES that are based on routinely available data.

Previous studies have found that the CES infarct volume 
is relatively large, which can lead to a more severe neurolo-
gical deficit, higher risk of malignant edema and hemorrhagic 
transformation.15–17 Additionally, CES patients tended to be 
older.18 In the current study, the median NIHSS score was 7 
(IQR 3–14) and the median age was 73 (IQR 67–77) years, 
both of which were consistent with results from previous 
studies. For the prognosis distribution, Hong et al showed 
that 53% of patients with CES had a poor prognosis (mRS 
≥ 2) at 3 months.4 This proportion was 41% in another 
registry study.3 Our study shows similar results, suggesting 
that the prognosis of patients with CES is relatively poor.

The NIHSS score, which represents the degree of 
neurological deficit, is widely used to assess the stroke 
severity. Studies have shown that the NIHSS score had 
ideal specificity, sensitivity, and accuracy to predict the 
prognosis of patients with ischemic stroke.19,20 Our find-
ings further confirmed the baseline NIHSS score was an 
independent risk factor for the functional outcome in 
CES patients. In our study, for each one additional 
NIHSS score point, the odds of a poor outcome 
increased by about 1.4-fold. We also found that patients 
with a higher NIHSS score have a higher risk of devel-
oping SAP, which is consistent with previous research.21 

We speculate that the possible reasons are the wide-
spread disturbance of consciousness, indwelling gastric 
cannula, paralysis, and assisted breathing in patients with 
much more severe neurological deficits. In addition, the 
NIHSS score is a risk factor for sICH and nsICH, which 
can increase the severity of stroke and prolong the hos-
pital stay.22,23 Therefore, the baseline neurological deficit 
is the main determinant of the CES outcome.

SAP is a major complication that affects the outcome 
of stroke patients.14,23 In our study, 66% of patients with 
a poor outcome had SAP, compared with 8.6% in patients 
with good outcome. Notably, sICH was a predictor for 
a poor outcome in the univariate analysis but not in the 

Table 2 Comparison of Baseline and Clinical Data Between Two 
Outcome Groups

Variable Poor 
Outcome

Good 
Outcome

P value

(n=100) (n=151)

Age, years, median (IQR) 75 (70, 

78.75)

72 (66, 75) <0.001

Male, n (%) 58 (58.0) 80 (53.0) 0.434

Smoking, n (%) 24 (24.0) 38 (25.2) 0.834

Hypertension, n (%) 83 (83.0) 113 (74.8) 0.126

Diabetes mellitus, n (%) 23 (23.0) 29 (19.2) 0.468

Hyperlipidemia, n (%) 14 (14.0) 29 (19.2) 0.284

Congestive heart failure, 

n (%)

30 (30.0) 22 (14.6) 0.003

Baseline NIHSS score, 

median (IQR)

15 (11, 19) 4 (2, 7) <0.001

Moderate to severe LA, 
n (%)

39 (39.0) 24 (15.9) <0.001

sICH, n (%) 17 (17.0) 10 (6.6) 0.009

nsICH, n (%) 30 (30.0) 16 (10.6) <0.001

Stroke-associated 

pneumonia, n (%)

66 (66.0) 13 (8.6) <0.001

Anticoagulant therapy, 

n (%)

56 (56.0) 64 (42.4) 0.881

Stroke recurrence, n (%) 4 (4.0) 4 (2.6) 0.953

Laboratory findings, mmol/L (mean ± SD)

Total cholesterol 4.1±0.9 4.1±0.8 0.482

Triglyceride 1.0±0.4 1.3±0.9 0.005

LDL-C 2.3±0.7 2.2±0.7 0.152

Fasting glucose 7.0±2.7 5.8±1.7 <0.001
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multivariate analysis model, which is probably because 
patients with a higher NIHSS score have a greater possi-
bility of developing sICH. Our findings, together with 
results of the clinical studies mentioned above, may sug-
gest that therapies to reduce the functional deficit at admis-
sion and prevention of critical complications are more 
meaningful in the early-stage treatment of CES.

Leukoaraiosis (LA) is an important surrogate marker of 
aging and cerebral small vessel disease. Previous reports 
indicated that the LA burden is highest in patients with 
lacunar stroke.24 In our study, there were 63 patients 
(25.1%) with moderate to severe LA. Currently, LA is 
usually thought to be correlated with blood-brain barrier 
disruption and microcirculation dysfunction.25 Thus, it can 
act as a “background” impact for the stroke outcome. 
However, previous studies about the effect of LA on the 
prognosis of CES showed inconsistent results. Leonards 
et al26 evaluated brain LA using the Fazekas scale, and 
they found that moderate to severe LA (Fazekas ≥ 3) was 
related to the 1-year functional disability in patients with 
mild ischemic stroke. In their study, there was no signifi-
cant difference in Fazekas scores between patients with the 
CES stroke subtype and those with atherosclerosis or small 
vascular disease. However, another study demonstrated 
that the volume of abnormal white matter in LA was 
positively correlated with a poor outcome, but this correla-
tion was not significant in patients with CES.24 A possible 
explanation for this phenomenon is that patients with CES 
usually have larger infarct volumes, and thus, greater 
functional deficits, which is the critical factor that deter-
mines the outcome.

Our study has some limitations. First, this retrospective 
study was conducted as a single-center database study, and 
it had a relatively small sample size, which may increase 
the possibility of selection bias. Second, because the aim 
was to find practical clinical indicators to predict the 
prognosis of patients with CES, this study did not accu-
rately quantify the infarct and LA volumes.

In conclusion, we provided clinicians with five reliable 
and practical clinical indicators that may predict the out-
come of patients with acute CES. Although this is 
a retrospective study with a relatively small sample size, 
we believe that our data conveys important insights.

Abbreviations
CES, cardioembolic stroke; CI, confidence intervals; CT, 
computed tomography; CTA, computed tomography 
angiography; ECG, electrocardiogram; ICH, intracranial 
hemorrhage; IQR, interquartile range; LA, leukoaraiosis; 
MRA, magnetic resonance angiography; MRI, magnetic 
resonance imaging; mRS, modified Rankin Scale; NIHSS, 
National Institutes of Health Stroke Scale; nsICH, non- 
symptomatic intracranial hemorrhage; OR, odds ratio; 
SAP, stroke-associated pneumonia; sICH, symptomatic 
intracranial hemorrhage.
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Table 3 Binary Logistic Regression Model of Risk Factors for 3-Month Functional Outcome

Variable B S.E. Wald OR 95% CI P value

Baseline NIHSS score 0.311 0.051 36.960 1.365 1.235–1.509 <0.001
Moderate to severe LA 1.383 0.543 6.494 3.987 1.376–11.551 0.011

nsICH 1.367 0.582 5.516 3.924 1.254–12.279 0.019

SAP 1.685 0.503 11.221 5.392 2.012–14.453 0.001
Fasting glucose 0.246 0.120 4.232 1.279 1.012–1.617 0.040
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